Introduction
============

Over the last four decades, laparoscopy has evolved from an experimental surgical approach into a well-established and standardized surgical method \[[@R1]\]. Since then, there were noticeable technical improvements. Nowadays, it is considered the golden standard for most abdominal surgical procedures \[[@R2]\]. The main advantage of laparoscopy compared to open surgery is a significant reduction of the abdominal trauma which leads to a faster postoperative recovery \[[@R3]\]. In classic laparoscopic surgery, at least three abdominal incisions for the corresponding trocars are needed. Recent scientific approaches have focused on reducing the number of ports needed. Besides the development of natural orifice translumenal endoscopic surgery (NOTES) \[[@R4]\], the introduction of single incision laparoscopic surgery (SILS) has led to a further reduction of abdominal incisions. The spectrum of surgical procedures that can be performed in SILS technique is broad \[[@R5]\], \[[@R6]\], \[[@R7]\], \[[@R8]\].

Despite these advancements in the field of laparoscopic surgery, liver surgery, especially in case of major hepatic resections, is still considered a domain of conventional open surgery. However, the laparoscopic resection of neoplasms of the left lateral liver \[[@R9]\], \[[@R10]\] or anterior inferior segments \[[@R11]\] has become standard. Moreover, major hepatic resections such as hemihepatectomies can be performed safely laparoscopically with good clinical results \[[@R12]\], \[[@R13]\]. Similar to other laparoscopic procedures, SILL reduces intraoperative blood loss, postoperative pain and are related to a faster recovery compared to an open surgical approach \[[@R14]\]. Recently, several reports about SILL have been published. Nonetheless, large clinical randomized trials and systematic reviews are missing. Thus, the benefit of these procedures remains uncertain.

The present review was designed to investigate the feasibility, perioperative results and oncological outcome of SILL procedures in adults compared to a conventional laparoscopic or open surgical approach.

Methods
=======

The present review was conducted according to the PRISMA guidelines for systematic reviews \[[@R15]\].

Eligibility criteria
--------------------

Studies that were considered for review met the following criteria:

adult patients with SILL proceduresoriginal article including retrospective and prospective case series, prospective randomized controlled trialsEnglish language

Literature search methodology
-----------------------------

The literature research on Pubmed (MEDLINE) was rolled out on 21 November 2015 using MeSH keyword search. The search terms included "single incision laparoscopic liver resection", "single-port laparoscopic liver resection", "single site laparoscopic liver resection", "laparoscopic liver resection", "laparoscopic left lateral sectionectomy". The articles that met the eligibility criteria were retrieved from the aforementioned database.

Study selection
---------------

After the litereature research had been carried out, the list of available publications was screened by two reviewers. All studies that did not meet the eligibility criteria were excluded from the review process.

Data items and synthesis
------------------------

First, we determined the criteria for study quality (Table 1 [(Tab. 1)](#T1){ref-type="fig"}) and study results (Table 2 [(Tab. 2)](#T2){ref-type="fig"}). According to these factors, data extraction was independently performed by two reviewers, the results were noted on a standardized table.

The following outcome factors were analyzed:

histology, lesion size, radicality, oncolocigal long-term outcome, operative time, follow-up, length of hospital stay (LOS), blood loss, costs, scar length, mortality, conversion rate and perioperative complications (bile leakage, intraabdominal hematoma/abscess, incision hernia, wound infection, pleural effusion).

Quality analysis
----------------

The level of evidence was assessed according to the ASCO and ESMO gradation system \[[@R16]\]:

Level I: Evidence based on meta-analyses of large controlled trials/large randomized controlled trialsLevel II: Evidence based on small randomized trials with uncertain resultsLevel III: Evidence based on nonrandomized prospective case-control studiesLevel IV: Evidence based on nonrandomized historical cohort controlsLevel V: Evidence based on case series without controls

Risk of bias
------------

The risk of bias was assessed using a qualitative analysis based on the mentioned criteria on study quality and available data (Table 1 [(Tab. 1)](#T1){ref-type="fig"} and Table 2 [(Tab. 2)](#T2){ref-type="fig"}). Each study that was included in the review process was analyzed for detection or reporting bias. The assessment of bias was done according to the PRISMA guidelines \[[@R15]\].

Results
=======

Study characteristics and risk of bias
--------------------------------------

The literature research revealed 343 articles, of which 16 \[[@R17]\], \[[@R18]\], \[[@R19]\], \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R23]\], \[[@R24]\], \[[@R25]\], \[[@R26]\], \[[@R27]\], \[[@R28]\], \[[@R29]\], \[[@R30]\], \[[@R31]\], \[[@R32]\] met the inclusion criteria. One study \[[@R26]\] had to be excluded since the same patients were reported in another publication \[[@R27]\] (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). Of these 15 eligible studies, there were 13 retrospective case series without control group (Level of evidence: V) \[[@R17]\], \[[@R18]\], \[[@R19]\], \[[@R20]\], \[[@R21]\], \[[@R23]\], \[[@R24]\], \[[@R25]\], \[[@R26]\], \[[@R29]\], \[[@R30]\], \[[@R31]\], \[[@R32]\]. In one case series a control group was available (conventional multiport laparoscopic approach; Level of evidence: IV) \[[@R27]\]. Of the two prospective trials, there was one cohort study \[[@R28]\] (Level of evidence: III) and one randomized controlled trial (Level of evidence: II) \[[@R22]\]. Table 1 [(Tab. 1)](#T1){ref-type="fig"} provides an overview of the quality criteria of the studies.

Patients and procedures
-----------------------

In total, data of 133 patients who underwent SILL were obtained. The majority of procedures were left lateral sectionectomies (65, 48.9%), followed by wedge resections (41, 30.8%) for mainly malignant lesions (73, 55.3%) The mean operative time was 133.2 min, the average estimated blood loss was 147.6 ml. The mean LOS was 4.7 days. Table 2 [(Tab. 2)](#T2){ref-type="fig"} shows a detailed overview of all analyzed factors. Figure 2 [(Fig. 2)](#F2){ref-type="fig"}, Figure 3 [(Fig. 3)](#F3){ref-type="fig"}, Figure 4 [(Fig. 4)](#F4){ref-type="fig"}, and Figure 5 [(Fig. 5)](#F5){ref-type="fig"} show the placement of the SILS trocar including laparoscopic instruments and various steps of the dissection of the liver parenchyma, respectively.

Morbidity and mortality
-----------------------

Overall, 9 complications were reported in 133 cases (6.8%). There were 2 cases of bile leakage, one shoulder pain, one minor allergic reaction, one transient liver failure, 2 cases of postoperative hemorrhage, one wound infection and one incisional hernia. In 10 of 15 studies, no complications appeared \[[@R19]\], \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R24]\], \[[@R25]\], \[[@R28]\], \[[@R29]\], \[[@R30]\], \[[@R31]\]. Perioperative mortality was zero in all studies except one. One patient died of cardiac failure due to an unknown aortic valve stenosis \[[@R27]\].

Conversion rate
---------------

Conversion to either multiport laparoscopic or open liver resection was necessary in three studies. Shetty and colleagues had to convert to multiport laparoscopy in 2 of 24 cases due to limitations in the length of instruments (CUSA and Harmonic ACE). Conversion to open surgery was performed in 2 cases due to major intraoperative bleeding and in two cases due to poor tumor localisation \[[@R23]\]. Hu and colleagues reported conversion to multiport laparoscopy in one patient due to CO2 leakage \[[@R22]\]. Zhao had to convert to conventional laparoscopy because of a poor visual field with a 0° laparoscopy and compromised laparoscopic manipulation, respectively \[[@R32]\].

Comparison of MILL and SILL
---------------------------

There were two studies comparing the two minimally invasive approaches. Hu and colleagues reported good results for both techniques in terms of complications and perioperative data such as blood loss, operation time, postoperative pain and radicality \[[@R22]\].

Aldrighetti et al. found similar results for both groups as well \[[@R27]\]. The cost analysis showed no differences in total costs between multiport laparoscopic liver resection and SILL, whereas a significant reduction in LOS was found in the SILL group \[[@R22]\].

Follow-up and oncological outcome
---------------------------------

A follow-up analysis was available in 7 studies \[[@R17]\], \[[@R20]\], \[[@R22]\], \[[@R23]\], \[[@R24]\], \[[@R28]\], \[[@R29]\], \[[@R32]\]. In a 6 month follow-up period, Hu et al. found no tumor recurrence, the cosmetic outcome was favorable in all patients, there were no differences between the SILL and the multiport group with regards to quality of life \[[@R22]\]. The study of Chang et al. showed no tumor recurrence in 3 of 3 cases during 4--7 months \[[@R24]\].

Wu and colleagues found a disease-free survival in 15 of 17 cases during follow-up (6--42 months) \[[@R17]\]. Shetty et al. described tumor recurrence in 4 patients, all recurrences appeared within 5 months after the surgery, one patient died after 8 months due to extensive tumor progression, the exact follow-up period is not available \[[@R23]\]. Zhao et al. had a mean follow-up period of 5.2 months. During this time, there was no tumor recurrence as well as short- and long-term wound-site complications \[[@R32]\]. The examination of Weiss et al. showed a disease-free survival of 91% and 70% at 6 and 12 months, respectively. The 12-month survival was 100% \[[@R28]\].

After a median follow-up period of 12 months, there was no incisional hernia, the cosmetic result was favorable in all cases in the examination of Machado et al. \[[@R20]\]. Another study showed no wound pain or impairment of liver function after 2 weeks \[[@R29]\].

Discussion
==========

This is the first systematic review on SILL procedures including prospective trials. The present review was performed to collect the evidence on the field SILL. Altogether, 15 eligible studies with 133 patients could be identified. These studies showed good perioperative results with regards to operative time, blood loss and LOS. Free resection margins could be achieved in all but one patient. The procedure showed to be feasible in most cases, even in major resections (two hemihepatectomies).

In contrast to the few reports on SILL, there are numerous studies examining conventional MILL \[[@R33]\], \[[@R34]\], \[[@R35]\], \[[@R36]\], \[[@R37]\], \[[@R38]\], \[[@R39]\], \[[@R40]\], \[[@R41]\], \[[@R42]\], \[[@R43]\], \[[@R44]\], \[[@R45]\], \[[@R46]\], \[[@R47]\], \[[@R48]\], \[[@R49]\]. Among the reviewed SILL studies, intraoperative blood loss was 100 ml or less in 8 of 15 studies \[[@R18]\], \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R28]\], \[[@R29]\], \[[@R31]\], \[[@R32]\] and LOS was shorter than 5 days in 8 studies as well \[[@R18]\], \[[@R19]\], \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R24]\], \[[@R32]\], \[[@R50]\]. In most examinations on MILL, there are higher values for both LOS and blood loss \[[@R33]\], \[[@R35]\], \[[@R36]\], \[[@R38]\], \[[@R41]\], \[[@R43]\], \[[@R46]\]. On the other hand, some studies show findings that are well comparable to the results of the SILL studies \[[@R45]\], \[[@R47]\]. The overall rate of complications was low, in total 9 complications appeared in 133 patients (6.8%). In 10 studies, no complications were reported \[[@R19]\], \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R24]\], \[[@R25]\], \[[@R28]\], \[[@R29]\], \[[@R30]\], \[[@R31]\]. In the current literature, the reports on complications after MILL procedures differ strongly. The complication rates vary between 2% and 46% \[[@R33]\], \[[@R34]\], \[[@R35]\], \[[@R36]\], \[[@R38]\], \[[@R41]\], \[[@R43]\], \[[@R44]\], \[[@R46]\].

However, the comparison of these results has to be done with caution since these studies are heterogenous with regards to the type of liver resection, sample size and study protocol (prospective vs. retrospective).

Conversion from SILL to either open surgery or MILL was needed in few cases, mainly due to technical problems. The conversion rate from MILL to open surgery ranges between 0 and 36% \[[@R33]\], \[[@R34]\], \[[@R36]\], \[[@R38]\], \[[@R43]\], \[[@R44]\], \[[@R46]\], \[[@R48]\], depending on the respective study.

Most authors reported excellent cosmetic results after SILL, incisional hernia was reported in one case only. However, a follow-up of the patients was merely available in 7 of 15 studies, the follow-up period varied strongly from 2 weeks to 40 months. Due to the limited availability of data on the follow-up of these patients and a heterogenous study collective with regards to tumor entity, it is difficult to assess the oncological safety and problems with the incision site in the long-term. Similarly, follow-up data are available in some \[[@R35]\], \[[@R38]\], \[[@R41]\], \[[@R43]\], \[[@R46]\] but not in all studies \[[@R36]\], \[[@R47]\].

A cost analysis for SILL vs. MILL was performed in the examination by Hu et al. only \[[@R22]\], the total medical costs were about 2,300 USD for both procedures. Packiam et al. compared MILL to robotic liver resection, the calculated costs for MILL were much higher compared to the findings of Hu et al. (4,400 USD) \[[@R47]\].

Altogether, the interpretation of the results of SILL procedures remains difficult since the minority of the SILL studies had a control group with only one randomized controlled clinical trial.

In our institution, we perform MILL for liver resections up to hemihepatectomies for both benign and malignant liver pathologies. Moreover, we have started to carry out wedge resections, segmentectomies and left lateral sectionectomies in SILL in selected cases with good preliminary results regarding feasibility, clinical outcome and cosmetic satisfaction.

Conclusion
==========

In summary, there are some potential benefits of the SILL procedure compared to multiport laparoscopy such as reduced LOS or cosmetic result. However, the review of the current literature reveals, that a broad evidence on this topic is missing and that further prospective, randomized controlled trials are urgently needed.
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